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The COVID-19 pandemic has spread to various parts of the world and caused many deaths. The
victims are infected by SARS-CoV-2, a new type of coronavirus that has appeared since December
2019 and caused respiratory symptoms, fever, coughing, and shortness of breath. In addition to social
distancing, wearing masks and washing hands, diet is important as a defense of the body against
SARS-CoV-2. In this review, researchers conducted epigenetic diet studies that could potentially
inhibit SARS-CoV-2, and can be consumed and used on a daily basis.
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INTRODUCTION
It was reported that Coronavirus (CoV) has caused fatal
pneumonic plague in humans since its emergence in the
early 21st century. Severe acute respiratory syndrome
coronavirus (SARS-CoV) infected five continents in
2003 which caused mortality by 10% of the total victims
worldwide (Cheng, Lau, Woo, & Kwok, 2007) (Lee
et al., 2003). The Middle East Respiratory Syndrome
Coronavirus (MERS-CoV) also caused an epidemic
disease in the Arabian Peninsula in 2012 with a
mortality rate of 35% (Zaki, Van Boheemen, Bestebroer,
Osterhaus, & Fouchier, 2012) (de Groot et al., 2013). It
is found that the victims of both SARS-CoV and MERSCoV are infected by animals (Zhu et al., 2020). Since
the Wuhan pneumonia virus case was discovered in
December 2019, the coronavirus was then named as the
2019 novel coronavirus or “2019-nCoV” by the World
Health Organization (WHO) on January 12, 2020 (Zhu
et al., 2020). Because the 2019-nCoV is very identical
with SARS-CoV, the International Committee on Virus
Taxonomy (ICVT) has categorized the 2019-nCoV as
severe acute respiratory syndrome coronavirus 2 (SARSCoV-2) on 11 February 2020, while the disease caused
by 2019-nCoV was named COVID-19 by WHO. There
has been no specific medicine or vaccine suitable for the
treatment of this disease yet (Y. Chen, Liu, & Guo, 2020)
(Huang et al., 2020).
The COVID-19 outbreak has spread to many countries
across the globe. WHO reported on June 8, 2020 that
a total of 6,881,352 victims were confirmed from 216
countries. More than 399,895 (5,811%) people died. In
Indonesia, from the data announced by Gugus Tugas

Percepatan Penanganan COVID-19, it was recorded
that the number of infected people was 31,186 and 1,851
people died per June 7, 2020 (covid19.go.id).
Actions that must be taken to minimize the risk
of contracting COVID-19 according to WHO
recommendations are frequent hand washing, keeping a
minimum distance of 1 (one) meter, avoiding touching
eyes, nose and mouth, wearing masks, avoiding crowded
places and staying at home (WHO, 2020). Furthermore,
appropriate dietary supplements, another additional
treatment may be needed to decrease or prevent the
widespread effects of the virus as well as to increase the
body immune of humans.
Diet is one of the important factors in the epigenetic
issue. Several studies have shown that the epigenetic diet
has the potential to prevent disease and improve overall
health. Epigenetic refers to regulation of gene expression
and chromatin modification with no alterations in
the DNA sequence that modulate changes of cellular
phenotypes (Carlos-Reyes et al., 2019). Epigenetic
mechanism of gene expression is complex, including
DNA methylation, histone modification, and non-coding
RNA. These pathways are usually activated during viral
infection (Adhya & Basu, 2010).
Bioactive substances as a result of an epigenetic diet can
be included in a personal regular diet and can be used
for medicinal or chemopreventive purposes (Hardy &
Tollefsbol, 2011). It has been reported that a diet rich in
certain fruits and vegetables could modify epigenomes
that lead to stronger body’s defense against viruses
(Hardy & Tollefsbol, 2011).
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Table 1. Division of epigenetic classes (Andreoli, Jorge, Barbosa, Parenti, & Rio, 2013)
No Enzyme

Type of Action

Mechanism of Action

1
2
3
4
5
6
7
8
9
10
11
12
13

DNA Methylation
Deacetylation
Acetylation
ADP-ribosylation
ADP-ribosylation
Biotinylation
Citrullination
Glycosylation
Methylation
Methylation
Phosphorylation
Ubiquitylation
microRNA expression

DNA Methylation
Histone Modification

Methyltransferase
Deacetylase
Acetyl Transferase
Mono-ADP-ribosyl transferase
Poly-ADP-ribosyl transferase
Biotin-ligase/ biotinidase
Deiminase
Glycosyltransferase/ Glycosidase
K and R methyltransferase
Demethylase
Kinase/ Phosphatase
Enzyme E1, E2, and E3
miRNA regulating protein

There are several natural compounds found in dietary
phytochemical that can affect human epigenome, such
as quercetin, luteolin, herperitin, hesperidin, EGCG
(epigallocatechin-3-gallate), resveratrol, thymoquinone,
curcumin, and selenium. These natural compounds
may act through epigenetic mechanism such as DNA
methylation, histone modification, and non-coding. In
this review, we first present an overview of the epigenetic
classes and mechanism then we summarize epigenetic
diets through natural phytochemical compounds that are
represented as potential agents to inhibit SARS-CoV-2.
Epigenetics
Epigenetics is the study of inherited gene changes which
do not cause changes in the structure of the genome,
as the changes in phenotype that involve the changes
in genotype are in response to environmental stimuli.
Epigenetic mechanisms may occur in: (a) The methylation
of DNA in vertebrates which is commonly the result
of the addition of methyl groups to cytosine whereas
cytosine and guanine exist in the same DNA structure,
(b) Modification of histones, the addition or removal of
a chemical group to a core protein around a damaged
DNA, and (c) non-coding RNA such as microRNAs
(miRNAs), which unify mRNA to control the revealed
code of gene in the post-transcription (Weaver, 2014)
early life experience, nutrition, medication, infection.
DNA and RNA methylation mechanism are the main
biological processes in epigenetics (Table 1).
Methylation mechanism and its relation with
COVID-19
Genomics modification of RNA virus through methylation
has a significant impact on the replication, assembly, and

Non-coding RNA

maturation of the virus. An example of this is the 5′cap
of RNA virus produced by methylation in the position
of N7-guanosine and 2′-O-adenosine. The presence of
N6-methyladenosine (m6A) is explained through mRNA
in several ssRNAs. Moreover, some enzyme or protein
are produced by the host and are inhabited by the virus
in fusion, and cells replication are highly possible for
activation or deactivation by modification in the DNA
methylation (Williams, Gokhale, & Horner, 2019) (Wu
et al., 2019).
When SARS-CoV-2 breaks into host cells, the virus
needs ongoing transcription of cells for the production of
mRNA. This mechanism indicates a functionally linked
relation with the expression of the host genome, therefore
it triggers the infected cells to confront the host cell for
every replicated pathogen produced. The main task is
that RNA viruses can take the DNA methyltransferases
(DNMTs) for the methylation process and reduce some
particular functions of genes, such as the innateness
and adaptive characteristics of human body immune
responses (Marcos-Villar et al., 2018).
Based on research conducted by Corley Nhdlovu and
Pinto in 2020, it was stated that the methylation pattern
plays an important role in encoding the angiotensin-converting enzyme 2 (ACE2) gene that acts as the SARSCoV-2 virus receptor in human lung epithelial cells.
Findings indicate that the estimation of production of the
ACE2 enzyme can be predicted based on the epigenetic
modulation process of a gene (Corley & Ndhlovu, 2020)
(Pinto et al., 2020).
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Binding sites for inhibiting virus infection in the cell
Several enzymes/proteins from the host or virus can
inhibit or reduce viral infections, such as:
1) ACE2 receptor
ACE2 receptor function is for binding SARS-CoV-2 to
cells. This interaction has been identified at the atomic
level and could be the target for small molecule.
2) Spike protein
Spike protein can be used as a medium for viral binding
and cell insertion through receptor-binding domains
(RBD). Based on structural analysis, identified residues
in the SARS-CoV-2 RBD are essential for ACE2 binding.
3) Furin protease and TMPRSS2
The S protein in SARS-CoV-2 contains putative furin
recognition motif (PRRARSV) and transmembrane
serine protease 2 (TMPRSS2) which functions are to
prime protein and undertake cell membrane fusion.
Particularly, the furin site in the SARS-CoV-2 S1 / S2
binding is special and important for the division of highly
efficient S proteins and is an important determinant in
virus transmission and pathogenicity.
4) Replicase complex
Replicase complex includes 3-chymotrypsin-like
protease (3CLpro), Papain like protease (PLpro),
helicase, and RNA-dependent RNA polymerase (RdRP),
which serves to replicate the virus after entering the cell.
5) DNA Methyltransferases (DNMTs)
DNA methyltransferases serve for DNA methylation
to control gene function. The reduction of DNMT may
reactivate the function of immune-related genes that
have functions to combat viral infections.
6) RNA Methyltransferases
RNA methyltransferases include enzymes such as
METTL3/14 which can maintain the workflow of RdRP
and mRNA cap guanine-N7-methyltransferase which
help maintaining the ability of the virus to replicate.
(Hoffmann et al., 2020) (Belouzard, Millet, Licitra, &
Whittaker, 2012) (Walls et al., 2020) (Coutard et al.,
2020).
Epigenetic control with the epigenetic diet
Certain foods such as fruits contain abundant bioactive
compounds and can modify epigenomes that lead to
better health improvements including the protection
of the body’s immune system from viruses (Hardy
& Tollefsbol, 2011). To protect the body from SARSCoV-2, the consumed fruits should contain sufficient and
varied nutrients to protect body from the virus (Erlund et
al., 2002). Based on these principles and other scientific
literatures, the following compounds have been examined
and can potentially help in reducing the side effects
E-ISSN 2477-0612
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of SARS-CoV-2 virus infection: quercetin, luteolin,
hesperetin, hesperidin, EGCG (epigallocatechin-3gallate), resveratrol, thymoquinone, curcumin, and
selenium.
Quercetin

Figure 1. Structure of quercetin
Quercetin is a flavonoid compound contained in oranges,
green leafy vegetables, buckwheat, peanuts, a variety of
flowers, bark, broccoli, olive oil, apples, onions, green
tea, red wine, cherries, blueberries, and cranberries.
Vegetables such as onions and broccoli, fruits such as
apples, cherries, and berries, and drinks such as tea and
red wine are rich in flavonols (Anand David, Arulmoli,
& Parasuraman, 2016).
The potentially produced enzymes/proteins by quercetin
are ACE2, 3CLpro, and helicase. Molecular forming
shows a good amalgamation between quercetin and
this protein. The study found that quercetin can be used
to treat SARS virus effectively (Nguyen et al., 2012).
Research conducted by Park and colleagues states that
quercetin are able to inhibit protease SARS-CoV (3CLpro
and PLpro) and Middle Eastern Respiratory Syndrome
coronavirus (MERS-CoV) 3CLpro protease in vitro with
IC50 values of
 52.7, 8.6, and 34.8 µM, respectively (Park
et al., 2017). Another study also conducted by Ryu and
colleagues stated that quercetin has an inhibitory activity
against 3CLpro with an IC50 value of 23.8 µM (Ryu et
al., 2010).
Luteolin, Hesperetin, Hesperidin

(a)

(b)

(c)
Figure 2. Structure of (a) luteolin; (b) hesperetin;
(c) heseperidin
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Luteolin (3,4,5,7-tetrahydroxy flavone) is a natural
flavonoid produced by many plant species. Several
vegetables, such as celery, chrysanthemum, paprika,
carrots, leeks, broccoli, and parsley are rich in luteolin
(Anand David et al., 2016). Luteolin is also contained
in oranges and juniper fruit. Research conducted by Ryu
and colleagues stated that luteolin has inhibitory activity
against 3CLpro with an IC50 value of 20.2 μM (Ryu et
al., 2010).
Based on the previous study conducted by Lalani & Poh
(2020), luteolin is a natural biomolecule that acts as a
potential antiviral agent against DNA and RNA viruses.
The inhibition of severe acute respiratory syndrome
coronavirus (SARS-CoV) occurs through mechanism of
binding to the S2 protein of the virus.
Hesperetin is a bioflavonoid compound that is abundant
in Citrus aurantium and Citri reticulatae pericarpium.
The IC50 of hesperetin in inhibiting the cleavage activity
of 3C-like proteases (3CLpro) from SARS-coronavirus
using cell-based assay is 8.3 μM (C.-W. Lin et al., 2005).
The docking results of hesperetin against ACE2 enzyme
showed that hesperetin has the potential to bind to ACE2
with Gibbs binding free energy of -8.3 kcal mol-1 by
binding to the sides of TYR-613, SER-611, ARG-482,
and GLU-479 (H. Chen & Du, 2020).
Hesperidin is known as a flavanone glycoside, commonly
found in citrus fruits such as lemons, sweet oranges
(Citrus sinensis), sour oranges, Ponderosa lemons, and
Citrus unshiu (Garg, Garg, Zaneveld, & Singla, 2001).
A study conducted by Utamo and colleagues (2020)
shows that hesperidin, one of the compounds in Citrus
sp., has the lowest level of docking rate compared with
other three protein receptors, although it has a high
affinity value for receptor binding. On the other hand,
curcumin, brazilin, and galangin have been proven to
have good affinities for receptors, which means that these
ingredients may become effective inhibitors of viruses.
In general, based on molecular docking studies, it can be
concluded that hesperidin is highly potential to be used
as an inhibitor for SARS-CoV-2, along with galangin,
brazilin, and curcumin with Gibbs binding free energy
values of -13.51, -12.96, -12.36, and -11.82 kcal mol-1,
respectively. Molecular docking of hesperidin was also
carried out by Chen and colleagues by using AutoDock
Vina and Gibss binding free energy value of -10.1 kcal
mol-1 was obtained (Y. W. Chen, Yiu, & Wong, 2020).
Molecular docking studies reveal that these compounds
can be well compounded with ACE2, furin, 3CLpro, and
S protein viruses (Utomo, Ikawati, & Meiyanto, 2020)
(H. Chen & Du, 2020) (Yi et al., 2004).
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EGCG (epigallocatechin-3-gallate)

Figure 3. Structure of EGCG
EGCG (epigallocatechin-3-gallate) is a specific flavanol
derivative, flavan-3-ol. EGCG can be found in green tea
and is well known for its effectiveness as an antioxidant
for cancer prevention. Green tea is non-fermented, freshly
dried tea leaves. In Asian culture, green tea is widely
believed to have efficacy in preventing and curing various
diseases. Recent biological and pharmacological activity
studies show that green tea has antioxidant activity,
including cardiovascular, antimutagenic, antiviral and
anti-cancer protection with epigenetic methylation
modulation, histone modification and miRNA (Du et al.,
2012) (Pointner et al., 2017). A molecular docking study
shows that DNA methyltransferases (DNMTs), ACE2,
and helicase may interact well with EGCG (Jo, Kim,
Shin, & Kim, 2020). Another molecular docking study
conducted by Khan and colleagues states that EGCG
has a stronger binding affinity value than remdesivir and
chloroquine (Khan, Khan, Khan, Ahamad, & Ansari,
2020).
Resveratrol

Figure 4. Structure of resveratrol
Resveratrol is a group of polyphenols that are
naturally produced by peanuts, mulberries, cranberries,
blueberries, and grape skins. Red wines are also the
natural sources of Resveratrol (Das, Mukherjee, & Ray,
2010). Resveratrol significantly inhibits MERS-CoV
infection and prolongs the life of cells that have been
infected with the virus, and decreases apoptosis induced
by MERS-CoV in vitro (Lin et al., 2017). Remarkably,
Resveratrol is a natural compound that affects epigenetic
mechanism, and it is especially related to some enzymes
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such as DNA methyltransferase (DNMT) and histone
deacetylase (HDAC). These enzymes regulate the
mechanism of action through DNA methylation and
histone modification (Fernandes, Silva, Pavan, Chiba,
Chin, & Santos, 2017).
Thymoquinone

Figure 5. Structure of thymoquinone
Nigella sativa (black seed) is a worldwidely wellknown herb that has been used for curing various
body impairment, illnesses, respiratory system
disorder, digestive tract problem, kidneys issue, liver
disease, and cardiovascular malfunction and immune
systems problem. Nigella sativa contains several
active compounds such as thymoquinone (30-48%),
thymohydroquinone, dithymoquinone, p-cymene (715%), carvacrol (6-12%), 4-terpineol (2-7%), and
t-anethol (1-4%).
Thymoquinone (TQ) has been proven to work more
effectively by epigenetic mechanisms (El–Dakhakhny,
1963) (Haslberger, Jacob, Hippe, & Karlic, 2020).
Thymoquinone has been described to activate the
Nrf2 transcription factor. Its activation results in cells
protection against viral infection associated with
oxidative stress and inflammation reduction. Nfr2 may
also reduce the expression of angiotensin-converting
enzyme 2 (ACE2) receptor in respiratory epithelial cells
that works as a receptor for coronavirus. Consequently,
the activation of Nfr2 transcription could be a potential
target to prevent and manage SARS-CoV-2 infection
(Mendonca & Soliman, 2020).
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anti-inflammatory, antioxidant, antiangiogenic, and anticancer as well as a herbal therapy (Aggarwal, Kumar,
& Bharti, 2003) (Goel & Aggarwal, 2010). Curcumin
has antiviral and antibacterial effects against influenza
viruses, hepatitis C, HIV, and strains of Staphylococcus,
Streptococcus, and Pseudomonas. This antiviral activity
can be observed in different targets such as hepatitis,
influenza, arbovirus viruses, members of Zika virus
(ZIKV), and chikungunya virus (CHIKV) (Praditya et
al., 2019) (Anggakusuma et al., 2014) (Barthelemy et
al., 1998).
Selenium (Se)
The quality of selenium in grains and vegetables relies
on the quality of the soil. Particular vegetables such as
turnips, peas, beans, carrots, tomatoes, beets, potatoes,
and cucumbers may contain a maximum of 6 mg g-1
selenium whereas other vegetables such as onions and
asparagus may contain up to 17 μg g−1 selenium when
harvested from the land containing lots of selenium.
Garlic and brassica (cabbage, broccoli, mustard) are
other sources which are rich in selenium. Compared
to vegetables, fruits contain a lower percentage of
selenium, with only several fruits contain selenium
of up to 10 μg kg−1. For instance, Brazil nuts contain
high proteins and rich in selenium (Roman, Jitaru, &
Barbante, 2014) (Mehdi, Hornick, Istasse, & Dufrasne,
2013). Selenium (Se) is an essential substance to control
redox reaction. It can become an antioxidant if combined
with selenocysteine and selenoproteins (Guillin, Vindry,
Ohlmann, & Chavatte, 2019). Se deficiency causes an
increase in reactive oxygen species (ROS) and oxidative
stress that inhibit the response of immune system to the
virus and an increase in the mutation rate of the RNA
virus. The increasing rate of the virus mutation and the
decrease in the immunity may increase the virulence
(Polansky & Lori, 2020).

Figure 6. Structure of curcumin

A study conducted by Zhang and colleagues reported
that people from the regions which have land rich in
selenium were highly possible to recover faster from
the virus, based on provinces with more than 200 cases
and cities with more than 40 cases. In Enshi city, Hubei
Province, which selenium concentration is the highest in
China, the recovery rate was almost three times higher
than that of the other cities in Hubei Province. In contrast,
in Heilongjiang Province, which land contains the lowest
percentage of selenium in the world, the mortality rate
from COVID-19 was almost five times higher than
that of other provinces outside Hubei (Zhang, Taylor,
Bennett, Saad, & Rayman, 2020).

Curcumin, or also known as diferuloylmethane, is a
polyphenol substance from Curcuma longa. Curcumin
is the essential element in turmeric and it produces curry
yellow color. People in India and China use curcumin as

Amount of Food Intake for Consumption
Based on current research and findings, the recommended
food intake (Table 2) as a supplement in the proper dosage
can help people protect themselves from viral disease and

Curcumin
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Table 2. Bioactive compounds of the epigenetic diet, natural source and the amount of daily intake required
for defense against viruses
Compound

Natural source

Daily intake
recommendation

Literature

Quercetin

Garlic, chieves,
flower/ fruit capers,
black tea, apple

50 - 800 mg

(Justesen, Knuthsen, Andersen, & Leth, 2000)
(Haslberger et al., 2020)

Luteolin
Hesperetin
Hesperidin

Red paprika, celery
Orange, orange juice
Lemon, lime

150 mg
132 mg
100 - 126 mg

(Erlund et al., 2002)
(Dong et al., 2014)
(Justesen et al., 2000)
(Khan et al., 2020)

EGCG

Green tea, black tea

225 - 800 mg

(Boschmann & Thielecke, 2007) (Institute for
Functional Medicine, 2020)(La Porte et al.,
2010)

Resveratrol

Grape, mulberry,
blueberry

500 - 2000 mg

(Haslberger et al., 2020)
(Khan et al., 2020)

Thymoquinone

Black cumin, black
cumin oil

Up until 500 mg

(Khan et al., 2020)

Curcumin

Turmeric, curry

500 mg

(Jayawardena, Sooriyaarachchi, Chourdakis,
Jeewandara, & Ranasinghe, 2020)

Selenium

Brazil nut, broccoli,
carrot

50 – 100 µg

(Kipp et al., 2015)

control COVID-19 infection by suppressing the spread
and pathogenesis of SARS-CoV-2. Compounds such
as quercetin, luteolin, hesperetin, hesperidin, EGCG,
resveratrol, thymoquinone, curcumin, and selenium can
become a primary inhibitor for SARS-CoV-2. Close
attention and scrutiny analysis may help in finding the
promising molecules that can be consumed to slow down
the widespread of coronavirus. This food intake can be
useful as a suggestion for the diet of patients and health
workers of COVID-19 in controlling and avoiding the
infections. Diet can also prevent secondary infections
because these compounds have previously been proven
to contain antimicrobial substances (Erlund et al., 2002)
(Haslberger et al., 2020) (Khan et al., 2020).

clinical studies. Anticancer Research, 23(1A), 363–
398. Retrieved from http://www.ncbi.nlm.nih.gov/
pubmed/12680238

CONCLUSION

Anggakusuma, Colpitts, C. C., Schang, L. M.,
Rachmawati, H., Frentzen, A., Pfaender, S., Steinmann,
E. (2014). Turmeric curcumin inhibits entry of all hepatitis
C virus genotypes into human liver cells. Gut, 63(7),
1137–1149. https://doi.org/10.1136/gutjnl-2012-304299

From the main focus of this review, quercetin, EGCG,
luteolin, hesperetin, hesperidin, curcumin, resveratrol,
thymoquinone, and selenium could be potential inhibitors
for the activity of SARS-CoV-2 that causes COVID-19
and these natural products can be gained from fruits and
vegetables that are usually consumed on daily basis.
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